Introduction: Mirror therapy requires a minimum of equipment, is relatively simple to perform and effective for various pathological conditions. The effect of mirror therapy on body schema disturbances registered in complex regional pain syndrome type I (CRPS I) patients has not yet been determined.
Introduction
Mirror therapy is a kind of biofeedback therapy. It requires minimum equipment and is relatively simple to practise. The effectiveness of mirror therapy for treatment of various pathological conditions has been demonstrated in several studies. 1, 2 Among published studies, only few involved patients with complex regional pain syndrome type I (CRPS I). They enrolled small and heterogeneous patients groups or consisted of case reports; researches included early-disease stages and cases of CRPS I caused by stroke. [3] [4] [5] [6] In post-stroke CRPS I patients, Pervane et al. 5 and Cacchio et al. 3 demonstrated the efficacy of the mirror therapy for pain decrease and function improvement. We have found no studies about efficacy of the mirror therapy in typical posttraumatic CRPS I with a sufficient number of patients and uniform trigger. Moreover, there were very few original studies on mirror therapy in CRPS I patients the last years. Most articles on this subject during the last several years were reviews. Studies suggested the relationship between pain, body perception disturbances and remapping of the brain. Treatment modalities that target cortical areas may reduce body perception disturbance and pain. 7 According to the one of many theories, CRPS I pain may be caused by mismatch between muscles movements and proprioceptive feedback.
The body schema is a central representation of the body's parts that includes the length of limb segments, their hierarchical arrangement, the configuration of the segments in space and the shape of the body surface. 8 There are studies that confirm the reduction of the central representation area of the injured extremity in the contralateral hemisphere's primary and secondary somatosensory cortex in CRPS I patients [9] [10] [11] [12] and studies pointing to the responsibility of these zones for the so-called 'body schema perception'. 8, 13 Therefore, the body schema disturbances in CRPS I patients must be expected. These disorders are typical for CRPS I but often overlooked by doctors. Patients also often do not complain because they cannot explain them or are reluctant to discuss the problem in fear of misunderstanding and suspicion of mental illness. 14 Selfperception of the hand is impaired in many patients with CRPS. It is thought to be the consequence of the higher central nervous system processing alteration. 15 The primary motor cortex of the brain may not differentiate between the actual and reflected in the mirror limbs. Mirror therapy 'fools' the brain, makes it to take the affected limb without pain and limits of movements. In addition, the mirror therapy may replace inadequate proprioceptive feedback with a visual feedback signal. This activates cortical areas, leading to cortical reorganization. 16 In spite of many theories and theoretical explanations, the effect of mirror therapy on the body schema perception, which is often seen in CRPS I patients, has not yet been determined.
The aim of the study
To evaluate the effectiveness of mirror therapy in treatment of the 'body schema' perception in CRPS I patients.
Materials and methods
The study is based on the analysis of the results of treatment of 30 patients with CRPS I (developed as a result of the distal radius fractures, up to 3 years long), by use of therapeutic complex consisted of mirror therapy, exercises and medications (gabapentin 300 mg three times a day, dexketoprofen on demand, combined vasoactive drug (capillary stabilizing and venotonic) per os and compresses with dimethyl sulfoxide and dexamethasone) -treatment group. The control group consisted of 20 patients with CRPS I (same etiology and duration with the treatment group) who were treated with combination of exercises and medications (gabapentin 300 mg three times a day, dexketoprofen on demand, combined vasoactive drug per o and compresses with dimethyl sulfoxide and dexamethasone). It was technically impossible to monitor the study with placebo because it was impossible to replace the mirror with something else to hoodwink the patient. Cacchio et al. 3 tried to replace placebo by imaginary physiotherapy (patients performed imaginary limb movements) and mirror therapy with a covered mirror. However, the first method is not a placebo, but is another therapeutic technique. A mirror therapy with a covered mirror also does not meet the requirements for placebo, because it cannot make the patient to believe in it. Another limitation of the study was the unblinded assessor. The investigator was not blinded because of the internal regulations of the Research Institute which is also a hospital. The internal regulations oblige doctors to document every kind of treatment in medical records. The assessor was the employee of the same institution. So, he could see the medical records of the patients. The study continued for a rather long time and all the CRPS patients were assessed one by one for a long period of time. The study had not been sponsored financially, so we could not invite the assessor from the other institution.
We used a randomized study design. Patients were randomly assigned to the mirror therapy group or the control group using computer-generated random numbers. According to Helsinki Declaration, participants signed written informed consent forms. There were more patients in each group. But several patients were excluded because of their absence on checkups usually because of their remote residence.
Patients from both groups received the complex treatment for 6 weeks. The results were analysed at the third day and just after the sixth week visit. The mirror therapy technique was explained and demonstrated to the patient by trained specialist and was controlled and corrected as needed on further visits (the third day and the sixth week). Changes in the intervals between visit time of the second visit for 1 day (i.e. the second day or the fourth day) and the third visit up to 1 week was not encouraged, however allowed and was not exclusion criterion. The results in such cases were calculated for the third day and 6 weeks of treatment. The mirror therapy was recommended for 10 minutes two times a day, but a one-time administration was allowed, as well as omission for up to seven inconsequent days of mirror therapy during 6 weeks, except for the first 3 days.
The mirror therapy was performed for the injured upper limb only (forearm and hand). Patients were asked to perform simultaneous movements by both hands (injured and healthy). These movements included finger flexion and extension (all fingers simultaneously and in sequence), abduction and adduction, wrist flexion, extension, abduction, adduction and forearm rotation. The speed of movements was selfselected. We used a commercially available folding black square box 36 × 36 × 47 cm, in which one of the external sides was covered by a mirror. The patient placed the affected hand inside the mirror box and could move the injured hand freely but without visual control. The healthy hand was placed outside of the box and the patient could visually control the movements looking in the mirror. The patient was asked to perform the same movements by both hands, to concentrate on these movements and to accept the reflection of the healthy hand as their injured hand. Each mirror therapy session lasted for 10 min because most patients could not keep concentration for longer time. After training with physician, the folding mirror box was provided for the patients to take home.
The exclusion criteria were the duration of the disease for more than 3 years (calculated from the moment of injury), the potential causes/triggers of CRPS I, which could require surgical treatment, lack of adequate co-operation with the patient, lack of satisfactory effect from the prescribed treatment regimen (gabapentin, dexketoprofen on demand occasionally, combined capillary stabilizing and venotonic agent per os and compresses with dimethyl sulfoxide and dexamethasone) requiring the use of other treatment methods, and thus violating homogeneity of the sample. The duration of the disease for more than 3 years was an exclusion criterion, both for the purpose of increasing homogeneity of the sample and because of the potentially less effect of mirror therapy due to the usually significant dystrophic changes in the affected limb which make restoration of the sensory-motor pathways less likely. Lewis and McCabe 14 reported a decrease in the mirror therapy effectiveness with an increase in the duration of the disease.
We evaluated the results before the treatment, after 3 days and after 6 weeks of treatment according to The Bath CRPS Body Perception Disturbance Scale. 14 Probably, some patients could expect some effect from the first procedure (and in some cases it was). However, most patients need several days to master the method to a sufficient degree and to learn to concentrate on the exercise. The assessments were performed by the same investigator, who was not blinded to group allocation.
Results
In our study, the results of treatment of CRPS I patients with and without mirror therapy are summarized in Table 1 . Out of 30 (83.33%) patients in treatment group, 25 patients demonstrated significant improvement in 'body schema' perception after 6 weeks of treatment; the results in control group were significantly weaker (only 35% had evident improvement). It is important to point that worsening in body schema perception after 6 weeks of treatment was observed in only 1 patient (3.33%) at the treatment group and in 11 of 20 patients (55%) at the control group. We have not analysed the changes in the body schema perception at the first day after the first mirror therapy session. However, several patients noted a decrease in pain and improvement in various aspects of pain immediately after the first mirror therapy session or even during practice. We have doubts about such an immediate effect of this type of treatment on the body schema perception. However, we cannot exclude it. Furthermore, during the treatment course, the improvement was found in 19 of 30 patients (63.33%) after 3 days and in 25 out of 30 (83.33%) after 6 weeks of mirror therapy. The improvement was on average by 1.6 points of Bath scale (11.88%, p = 0.508) and 6.64 points (49.29%, p = 0.003), respectively. Thus, after 6 weeks, the improvement was statistically significant. Some positive changes were also observed in patients treated in control group − 8 out of 20 (40%) in 3 days and in 7 out of 20 (35%) in 6 weeks; however, these changes were less pronounced as it is shown in Table 1 .
We also assessed the effect of mirror therapy on specific symptoms of body schema perception disorder. The difference was statistically significant for the first five points of the Bath scale after 6 weeks of treatment in treatment group comparing to the control group (p (t − c) < 0.05); p (t − c) is the statistical significance of difference between levels of variables in the treatment and control groups (the Mann-Whitney U test). After 6 weeks of mirror therapy, the feeling of dissociation from the limb improved by 58.57% (p (t − c) = 0.044), the awareness of the position of the affected limb in space has improved by 52.68% (p (t − c) = 0.0006), the attention deficit to the affected limb decreased by 47.37% (p (t − c) = 0.0005), the emotional feelings about the affected limb shifted to positive from negative by 47.18% (p (t − c) = 0.047) and the difference in perception of how the affected limb looks or how it is on touch comparing to how it feels (point 5 of the Bath scale) decreased by 42.11% (р (t − c) = 0.021). These improvements were observed in some patients already after 3 days of treatment. However, they were less pronounced and statistically insignificant. The least often CRPS I patients developed symptoms of the body schema disorder in a form of desire to amputate the affected limb (8% in both groups together) and in a form of incorrect graphic representation of the injured limb (26% in both groups together). Mirror therapy had shown a positive influence on the desire for amputation of the affected limb only in one from four those patients (25%), and others had not showed the improvement in that symptom.
Discussion
The experiment on healthy volunteers, which was about the development of incongruent proprioceptive input through active and passive movements in the radial-wrist joints, and vibrations of the tendons, conducted by Moseley et al., 17 demonstrated the possibility to induce other illusory sensations, in particular oedema or foreignness of the limb and nausea. This may explain the fact that CRPS I patients often feel their affected limb alien or more swollen than it actually is. This happens due to disruption of the internal proprioceptive representation of the injured limb in the cerebral cortex. 17 The scientists considered that the mentioned mechanism might be insufficient for pain generation. But on our opinion, the results of the study that Moseley et al. 17 do not deny completely indicated mechanism, because in case of CRPS, pain develops in predisposed organism, with the presence of additional pathologic factors. However, McCabe et al. 18 argued with the mentioned theory, presenting the confirmation that increasing pain and sensory impairment is a result of sensory-motor conflict in healthy subjects (volunteers performed movements which were reverse to those they've seen in the mirror 18 ) and in patients with CRPS I and fibromyalgia, 19 as well as evidence of the pain and sensory impairment development in the contralateral healthy limb. These data point at the possible mechanisms of biofeedback therapy influence on the pain generation and body schema perception.
Our results are to some extent correlated with the results of McCabe et al., 20 who showed that mirror therapy is highly effective and leads to an immediate reduction in pain in patients with CRPS duration less than 8 weeks. Same investigators confirmed the continuing efficacy of the mirror therapy in reducing joint stiffness and thermal asymmetry (within 6 weeks) in case of longer duration of the disease -up to 1 year, but the use of this method later in disease flow was considered ineffective. However, the number of observations in this study was not significant, so the results cannot be considered final. 20 In our study, we demonstrated good results of the mirror therapy as a part of the complex treatment course in rather homogeneous patient group with longer CRPS symptoms caused by same trauma locus. To contrast with other studies we were aimed to investigate the effect of the mirror therapy specifically on the body schema perception, we did not evaluate thoroughly its influence on other symptoms. But during the study, we admitted some positive effects of such treatment on other certain symptoms. Thus, some of our patients reported decrease in pain and increase in movement capacity and/or muscle strength. In majority of patients, the effect was not stable and significantly decreased in days or even hours -both after one session and after course of treatment. However, for such cases, even a short-term improvement in selected parameters of movements and muscles strength makes the mirror therapy worth to use. This prevents tissue atrophy and other irreversible changes in affected limb until a more effective treatment can be applied.
On the basis of results of mirror therapy and prism adaptation use in CRPS patients, investigators Bultitude and Rafal 21 proposed several hypotheses of the CRPS pathogenesis in some patients. First, in some patients with CRPS I, symptoms of image disturbance of the affected limb are primary to the other symptoms of the disease. Thus, at least in some patients, pain can be the consequence, but not the cause, of the body representation disturbances. Second, the immobilization, but not the pain, may precipitate and stimulate this reorganization of somatomotor circuits in susceptible individuals. Third, limitations in voluntary movements are neither due to pain nor due to weakness but, rather, because of the derangement of body representation which renders certain postures from the repertoire of hand movements inaccessible. 21 In this study, we could neither confirm nor deny these hypotheses.
Recently, the kind of the modern analogue of mirror therapy is in practice for the treatment of such patients -it is so-called 'virtual reality' technology. Today, there is no evidence of the efficacy of this treatment in patients with CRPS I, but there are some reports of successful use of this method in patients with phantom pains after the limb amputation. Today, this therapy direction is promising and requires further researches. 22 Another potentially effective method of CRPS I treatment is the neuromodulation technique, in particular, stimulation of the motor cortex, which proved its effectiveness in reducing the pain and correcting sympathetic disorders in CRPS I 23 and CRPS II (several observations) patients 24 and potentially (not yet proven) can also positively affect the body schema perception. We also assume that mirror therapy positively affects restoration of the body schema perception not only directly but also indirectly due to the reduction of other disease symptoms.
Conclusion
Mirror therapy as part of complex integrative treatment is effective for the correction of the body schema perception disturbances in patients suffering from CRPS I, developed after fractures of the distal radius less than the duration of 3 years. However, the treatment of CRPS I always demands to use complex approach to the patient, more than one treatment method to get better results and also sufficient number of patients to analyse the data. Further researches are required to investigate the long-term efficacy of such therapy and precise influence of the mirror therapy on different CRPS I symptoms.
